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ABSTRACT 
  This was the preliminary study aiming to find out the relationship between private 
speech and task performance in a divergent problem-solving task and confirm with the previous 
studies about the age-related developmental trend in private speech. 43 children aged between 
three to five years old were recruited to participate in a divergent problem-solving task. The 
private speech of the participants was videotaped during the process of devising solutions. It was 
then transcribed, categorized and analyzed. Results showed a positive correlation between 
private speech with task relevance and the degree of sophistication of solution. Also, the age-
related developmental trend in private speech was partially consistent with previous studies. 
Finally, implications of this study for early childhood educators and parents were discussed. 
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INTRODUCTION 
Young children do not make use of language solely for social communication. They also 
use it for planning, guiding and monitoring their behavior in a self-regulatory way (Vygotsky, 
1962). Such use of language is recognized as private speech, or self-talk. The nature of private 
speech is not the same as social speech in terms of both audience and function. Instead of 
speaking to others, private speech is self-directed and instead of serving social purposes, private 
speech aims at self-regulation (Winsler, Diaz & Montero, 1997). Contrary to Piaget, who viewed 
private speech simply as children’s poor social speech that would be replaced with fully mature 
and effective social speech after egocentrism was conquered (Winsler, Fernyhough & Montero, 
2009), Vygotsky proposed that private speech originates from the social speech from parents and 
caregivers to children, which serves to guide and regulate children’s behavior and attention. 
Gradually, the social speech received by children will be internalized as the children start to talk 
to themselves overtly to guide their own thinking, behavior and problem solving. The destination 
of the internalization of such speech will be realized as inner speech, or verbal thought. (Winsler, 
Fernyhough & Montero, 2009).  
Relationship between Private Speech and Age  
The discovery of the importance of private speech on self-regulation by Vygotsky has 
attracted numerous researches over the years to address questions about private speech. One of 
the early questions is how private speech changes in frequency and type across age. According to 
Vygotsky (1962), it is hypothesized that private speech in young children presents itself in the 
form of overt verbalized speech initially. With increasing cognitive maturity, children will use 
internalized private speech more. There have been supports from many researchers to 
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Vygotsky’s hypothesis of an inverted-U, curvilinear relationship between age and the overt form 
of private speech and a U-shaped, curvilinear relationship between internalized private speech 
(Winsler, Diaz & Montero, 1997; Patrick & Abravanel, 2000). Some researches have reported 
that the overt form of private speech peaks at ages of three and four, and at the beginning of 
elementary school, it is mostly substituted by internalized private speech (Kohlberg, Yaeger & 
Hjertholm, 1968; Berk, 1986). However, about the claim of Vygotsky that private speech ‘goes 
underground’ in the preschool and elementary school years, there have been studies opposing 
this view since they found the use and internalization of private speech extend farther into 
middle adulthood (Winsler & Naglieri, 2003; Berk & Garvin, 1984).   
Relationship between Private Speech and Task Performance 
Another issue that researchers are interested to know is the relationship between private 
speech and task performance since, according to Berk (1986), Vygotsky’s (1962) theory has an 
implicit notion that children use private speech because it facilitates problem solving. To date, 
there have been a surge of studies attempting to find out the relationship between children’s 
private speech and task performance. However, this issue has been historically challenging 
because the conclusions from these studies are inconsistent. As summarized by Winsler, Diaz & 
Montero (1997), the available data from the previous studies can substantiate three different 
hypotheses about the relationship between private speech and task performance, including (a) 
that private speech has a positive effect, (b) that private speech has a negative effect and (c) that 
private speech has no effect on task performance. One of the reasons for such divergent 
conclusions, as suggested by Fernyhough & Fradley (2005), is that the relationship between 
private speech and task performance is sensitive to the level of task difficulty at which the child 
is asked to operate. If a task is too difficult, private speech is likely to be correlated with task 
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failure. If the task is within the child’s ability range, in contrast, the speech–performance 
correlation is more likely to be positive. Also, as suggested by Winsler, Fernyhough & Montero 
(2009), it should not be expected that the association between private speech and task 
performance is always positive because the association varies greatly as a function of a whole 
host of task, setting, and child characteristics. 
In the previous researches, different problem-solving tasks were adopted to find out the 
effects of private speech on problem-solving performance. It is generally accepted that private 
speech is best studied when children participate in cognitively demanding tasks rather than 
lower-level cognitive tasks such as those requiring perceptual matching (Fernyhough & Fradley, 
2005). According to Winsler, Fernyhough & Montero (2009), compared to the tasks that 
predominated in the past, such as puzzles, mazes and sensorimotor tasks (Fuson, 1979), there has 
been an improvement of the choice of tasks in recent studies since the tasks used could tap 
specifically into certain aspect of self-regulatory or executive functioning on which children 
needed to depend on speech. Despite the improvement, the performance measure of most of the 
tasks was dichotomous (“Pass” or “Fail”), meaning that if a subject could not come up with that 
only one solution, he/she would be recognized as failing in the task. This, according to 
Fernyhough & Fradley (2005), necessarily reduced the power of their statistical analyses in 
finding the relationship between private speech and task performance. Furthermore, in our daily 
life, most problem-solving tasks do not limit themselves to have merely one solution. A problem-
solving task may have divergent solutions that differ in the degree of sophistication. 
Unfortunately, by now there is no research in the field that has studied the relationship between 
private speech and performance in tasks that can have divergent solutions (divergent problem-
solving tasks). 
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The main purpose of this study was, therefore, to investigate the relationship between 
private speech and the task performance of divergent problem-solving tasks in pre-school 
children. Also, another purpose of this study was to investigate if an age-related developmental 
trend of private speech could be found that was consistent with the findings in previous studies 
(Kohlberg, Yaeger & Hjertholm, 1968; Berk, 1986). 
Methodological issues 
In planning this study, several methodological suggestions for improvement by previous 
researchers were adopted. Firstly, the coding scheme for private speech in this study did not only 
differentiate private speech from social speech. Rather, private speech was analyzed and put into 
different sub-types because this allowed us to investigate the relationship between the types of 
private speech and task performance. The coding scheme of the types of private speech by Berk 
(1986) was used in this study as it divides private speech into three clear levels: Level 1 as “self-
stimulating, task-irrelevant private speech”, Level 2 as “task-relevant externalized private 
speech” and Level 3 as “task-relevant external manifestations of inner speech”. Secondly, it was 
ensured that the experimenter was in close proximity to the children when they were operating 
the divergent problem-solving task, as suggested by Goudena (1986) that children would 
produce more private speech during problem-solving when a competent and helpful adult is 
present. Finally, the receptive ability of vocabulary of the children was measured to control for 
the feasibility that the functional significance of private speech might be related to the general 
cognitive and specific linguistic competences of the children (Fernyhough & Fradley, 2005).  
The task used in this study, which was a treasure-hunting task, was inspired from the 
hide-and-seek task introduced in Experiment 2 of Sodian et al. (1991) study. It was chosen 
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because it was a task that allowed divergent solutions. However, since the nature of the hide-and-
seek task demanded theory of mind which was not a focus of this study, some modifications of 
the materials. Instead of having human objects (puppets) to find a treasure (Sodian et al., 1991), 
an apparatus was devised with arrows locating the treasure mechanically based on some 
information provided.  In this study, two test conditions were adopted: the impedimental 
condition and the facilitative condition. The impedimental condition aimed the participant to 
reduce true information or even provide false information so as to impede the black arrow to 
locate the treasure, while the facilitative condition aimed the participant to provide true or even 
reinforcing information so as to facilitate the red arrow to locate the treasure. Multiple solutions 
with different degrees of sophistication were possible in both conditions.  
Since this task was preliminary that no one has used before, the task difficulty that it 
posed to children was unknown. Task difficulty is important factor of the presence of private 
speech, because according to Fernyhough and Fradley (2005), if the task is too easy, private 
speech will be unnecessary as the regulatory processes for the task will already be internalized 
and if the task is too difficult, private speech will be ineffective, and children may resort to other 
means of regulation. Although no previous study can prove that the task used in this study was 
suitable in task difficulty, if an age-relevant trend of task performance observed (that if the task 
performance would improve when age increases) could be found in this study, it would suggest 
that the task used posed different levels of difficulty to the children of different age groups and 
thus the task was favorable in this study.  
The first hypothesis of this study was that private speech would show an age-related 
developmental trend consistent with previous studies (Kohlberg, Yaeger & Hjertholm, 1968; 
Berk, 1986); that was, overt task-relevant private speech (Private speech at Level 2) would show 
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an inverted U-shaped, curvilinear relationship with age, while internalized private speech 
(Private speech at Level 3) would show a U-shaped, curvilinear relationship with age.  
The second hypothesis of the study was that private speech at Level 2 and Level 3, which 
are task-relevant in nature, would be positively related with task performance. In this study, task 
performance would be measured by the degree of sophistication of solutions in the task and the 
responses to questions related to the task (further explanation will be mentioned in the latter part 
“Measures”). It was hypothesized that private speech at Level 2 and Level 3 would be positive 
related with both of these measures. 
METHOD 
Participants 
 A total of 51 pre-school children (25 boys and 26 girls) between the age of three and five 
years old who had no reported history of Specific Language Impairment (SLI) were recruited. 
They were recruited from five kindergartens located at Southern District and Central and 
Western District. However, due to participants’ unwillingness to finish the task, the data of four 
participants were discarded. Also, due to experimental errors, the data of four other participants 
were discarded. In the end, the total number of participants became 43 (22 boys and 21 girls). 
They were divided into three different age-groups according to their ages. The resulting groups 
were: age three (n = 14; M = 3.5 years), age four (n = 13; M = 4.6 years), and age five (n = 16; 
M = 5.3 years).  
 Materials 
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 The pictures of the apparatus and materials used in this study were attached in Appendix 
A. A toy-truck was prepared to carry the “treasures” (chocolates). A 100 cm x 80 cm foam board 
was used as the main body of the apparatus. Four 35 cm x 25 cm colored boxes (orange, green, 
yellow and blue), each with a 10 cm x 15 cm revolving-door for the entrance of the toy truck and 
a 8 cm x 7 cm opening covered with a black cloth for the exit of the toy-truck as well as the 
treasure, were located at the bottom end of the apparatus and served as the hiding places for the 
treasures. All revolving-doors of the colored boxes had each an identical switched-on little torch 
attached at the backside. When the toy-truck entered a revolving-door at its original position, the 
revolution would make the little torch face out. A black stick that could be used to revolve the 
door back or opposite to its original position was prepared. 
  There were also four identical larger switched-on torches inserted through the foam 
board above each corresponding colored boxes. Each larger torch was covered by an opaque 
window which could be opened or closed using a document clip in a novel way. 
 Finally, a red arrow and a black arrow were used to create different situations for the 
participants to perform problem-solving, while a white arrow was used in demonstration trials. 
These arrows were placed on top of the apparatus according to the following procedure.  
Setting  
All subjects were tested individually by two experimenters (E1 and E2) in a quiet room 
on 5/F, Prince Philip Dental Hospital. A portable video camera mounted on a tripod was placed 
opposite the participant, giving a clear view of the participant’s face and the apparatus on which 
the participant devised solutions. The sections where the participant devised solutions were 
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videotaped using the video camera and audio-taped using a voice recorder. The videos and audio 
tracks were later transcribed for coding of private speech and analysis of task performance.  
Procedure 
 Before the experiment was carried out, Cantonese Receptive Vocabulary Test (CRVT) 
was administered as a language control task for each participant. CRVT was carried out by the 
experimenters in a counterbalanced order across the participants. Also, a five-minute warm-up 
session was carried out after the administration of CRVT. In the warm-up session, the 
experimenters used a Mrs. Potato Head Doll to play with the participant in order to build rapport 
with the participants. After the warm-up session, the experiment was carried out. In the 
experiment, E1 was the instructor to the participant. The whole apparatus mentioned above was 
presented in a way that it operated automatically to the participant but in fact E2 was behind the 
apparatus (invisible to the participant) manipulating it.    
          Introduction of materials – Each participant was introduced to a “treasure-hunting” game. 
E1 first asked the participant to hide a chocolate carried by the toy-truck in one of the four 
colored boxes. E1 then drew the attention of the participant that when the toy-truck drove into 
the revolving door of a box, the door would revolve and the little torch would face out. At this 
point, E1 turned a button at the top of the apparatus. The white arrow came out from the top of 
the apparatus and pointed to the box with the little torch facing out. E1 drew participant’s 
attention to the association between the arrow and the little torch. Then, E1 showed the 
participant that by using a black stick, the door could be revolved back to its original position 
(the participant was invited to help) and the arrow would then move left and right above the 
boxes. This was a means to impede arrows from locating the correct box with the chocolate but 
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the participant was not taught explicitly. All materials were then returned to their original states 
and E1 invited the participant to play again by choosing another colored box to hide the 
chocolate carried by the toy truck. This time, E1 demonstrated that the document clip could be 
used to flip over the window above the colored box to uncover the larger torch (the participant 
was invited to help). After that, E1 would turn the button and the white arrow would be 
manipulated to point to the box with the larger torch uncovered with a higher speed than last 
time to visualize to the participant the increased easiness of locating the box with the help of the 
larger torch. E1 would draw the attention of the participant to the higher speed of the white arrow 
at this point. This was a means to help arrows point to the correct box with the chocolate but the 
participant was not taught explicitly. The black stick and the document clip were placed on the 
left side of the participant after demonstration. All materials were then returned to their original 
states and the next phase would be proceeded. 
Warm-up phase – This phase was to make sure if the participant understood the 
connection between the little torch and the box which the toy truck had visited. E1 would ask the 
participant to close his/her eyes while E1 would hide the chocolate and let the participant find it. 
When E1 had hidden the chocolate, the participant would be asked to locate it. If the participant 
succeeded in locating the chocolate, he/she would be praised and the next phase would then be 
proceeded. However, if the participant failed, E1 would give a verbal hint that the box with a 
little torch facing out was which the toy-truck had visited. If he/she then succeeded, he/she 
would be praised and E1 would conduct practice trials again until the participant could 
spontaneously locate the chocolate. Once he/she was able to do so, the next phase would be 
proceeded. A maximum of five practice trials will be administered. If the child still could not 
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locate the chocolate after five practice trials, the experiment would terminate and the participant 
would be dismissed.  
 Introduction phase of the red arrow and the black arrow – E1 would then introduce to 
the participant two big arrows one by one: red arrow and black arrow. E1 explained that the red 
arrow was functioning alright and if it could locate where the chocolate was hidden, the 
chocolate would come out from the box and the participant could get the chocolate. 
Demonstration was given. After that, E1 would explain the black arrow to the participant. EI 
would say that the black arrow was malfunctioning and if it could locate the chocolate, the 
chocolate would not come out from the box and the participant could not get the chocolate. 
Demonstration was also given. 
Experiment phase (impedimental condition and facilitative condition) – The participant 
would then be invited to get involved in the impedimental condition and the facilitative condition 
in a counterbalanced order across the participants. The impedimental condition aimed the 
participant to reduce true information or even provide false information so as to impede the black 
arrow to locate the chocolate, while the facilitative condition aimed the participant to provide 
true or even reinforcing information so as to facilitate the red arrow to locate the chocolate.  
In the impedimental condition, E1 would say: ‘I have put the black arrow at the top. The 
black arrow is malfunctioning. You have to hide the chocolate and make the black arrow unable 
to locate the chocolate. Now, hide the chocolate first’. After the participant had hidden the 
chocolate in a box, E1 would ask: ‘Do you remember which arrow I have put?’ to make sure the 
participant still remembered. After that, E1 would say: ‘When I turn the button above, the black 
arrow will come out. You have to do something so that the black arrow cannot locate the 
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chocolate. What can you do? You can say whatever you like while coming up with the methods’. 
The participant was encouraged to speak to themselves while working on the task because 
Frauenglass and Diaz’s (1985) observed that this encouragement could maximize the elicitation 
of task-relevant private speech. E1 would then draw the participant’s attention to the toy truck, 
the black stick and the document clip and say ‘I will leave these things for you to use. I have 
something to do now, so do it yourself’’. This was the starting time when his/her private speech 
and performance were videotaped and audio-taped. E1 would sit at the back of the participant 
and observe. If the participant turned around and spoke to E1, E1 would ignore him/her. If the 
participant claimed that he/she had finished, E1 would observe the sophistication of the solution.  
If it was observed that the participant had no attempt to devise the strategy at all, E1 
would give him/her a hint by saying: ‘Once I have turned the button, the black arrow will come 
out. Should you now use the stick to revolve away the little torch or use the clip to uncover the 
larger torch?. After choosing a suggestion, the participant was encouraged to carry out the action. 
The presentation order of these two suggestions was counterbalanced across the participants.  
If it was observed that the solution was a simple solution (that the participant chose to 
revolve the little torch of the box where the chocolate hidden to its original position, or that the 
participant chose to revolve another little torch or the other little torches so that it / they faced out 
as well), additional probe for any more sophisticated solution would be given by saying ‘What 
can you do further so that the black arrow cannot locate the chocolate surely?’. E1 would then 
again observe the participant at the back. If the participant claimed that he/she had finished, 
memory question and location question would be asked. Rather, if it was observed that the 
solution was already a sophisticated solution (that the participant chose to revolve the little torch 
of the box where the chocolate hidden to its original position and revolve another little torch or 
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the other little torches so that it / they faced out as well) before additional probe, no additional 
probe would be needed and memory question and location question would be asked. 
After devising the solutions, the participant would be asked two questions. E1 would ask 
memory question: ‘Do you remember which box you have hidden the chocolate in?’. This 
question was to examine whether the participant still remembered the location of the hidden 
chocolate. Also, E1 would ask location question: ‘When I turn the button, the black arrow will 
come out. Which box will the black arrow point to then?’ This question was to examine whether 
the participant knew the effect of the solution devised had on the pointing of the black arrow. 
After that, the black arrow would come out and point to the box according to the solution devised. 
The chocolate would be given to the participant if the solution had impedimental effort.  
In the facilitative condition, the same procedure as in the impedimental condition was 
carried out, except that the participant was reminded that the red arrow was functioning alright 
and that the participant had to do something so that the red arrow could locate the hidden 
chocolate. The red arrow would locate the chocolate in the end according to the solution devised 
like the black arrow did. The chocolate would be given to the participant if the situation had 
facilitative effort. 
Measures  
Task performance  
 Two measures of task performance were used: the degrees of sophistication of solutions 
(Solution Mark) and the responses to the questions related to the tasks (Question Mark). 
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First, for the degrees of sophistication of the solutions, in both conditions (facilitative 
condition and impedimental condition) they were categorized into ‘sophisticated solution’, 
‘simple solution’ and ‘failed solution’. Each sophisticated solution weighed two points, each 
simple solution weighed one point and each failed solution weighed no point. Therefore, the 
possible maximum total Solution Mark was four per participant. 
In the impedimental condition, (a) if the participant chose to revolve the little torch of the 
box where the chocolate hidden to its original position, it was regarded as a ‘simple solution’ as 
it removed the clue to the correct location merely without providing false information to mislead 
the black arrow. If the participant chose to revolve another little torch or the other little torches 
so that it / they faced out as well, it was also regarded as a ‘simple solution’ only as it provided 
false information merely but the clue to the correct location still remained. (b) If the participant 
chose to revolve the little torch of the box where the chocolate hidden to its original position and 
revolve another little torch or the other little torches so that it / they faced out as well, it was 
regarded as a ‘sophisticated solution’ as this solution could remove the clues to the correct 
location and even mislead the black arrow to point to a wrong location. (c) If the participant had 
no attempt to devise any solution even after the hint, or if the solution was facilitative rather than 
impedimental in nature, it was regarded as a ‘failed solution’. 
In the facilitative condition, (a) if the child chose to uncover the larger torch above the 
correct location by using the document clip to flip over the opaque window, it was regarded as a 
‘simple solution’ as it gave facilitative effect to the red arrow. (b) If the participant sought other 
ways apart from that, such as that he/she attempted to further flip over the window to make the 
larger torch more visible, this was regarded as a ‘sophisticated solution’ as it was intended to 
make it even more easier for the red arrow to point to the correct location. (c) If the participant 
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had no attempt to devise any solution even after the hint, or if the solution was impedimental 
rather than facilitative in nature, it was regarded as a ‘failed solution’.  
 Second, for the responses to the questions related to the tasks, two relevant questions 
were set for each condition, namely memory question and location question. For the memory 
question ‘Do you remember which box you have hidden the chocolate in?’ and location question 
‘When I turn the button, the black / red arrow will come out. Which box will the arrow point to 
then?’, the participant was required to answer them both correctly so that one point would be 
given. Therefore, the possible maximum total Question Mark was two for a participant. The 
scores in Solution Mark and Question Mark were separated for analysis in the later stage.  
Private speech  
The coding process involved defining an utterance as a private utterance or social 
utterance, and further categorizing private utterances into each level in Berk’s (1986) coding 
scheme according to the task relevance and speech overtness of the utterance. For the definitions, 
first, an utterance was defined as either a complete sentence, a sentence fragment or clause with 
intentional markers of termination, a conversational turn, or any string of speech which was 
temporally separated from another by at least three seconds (Winsler, 1998). Next, the definition 
of private speech here was any verbalization by the child which was not explicitly addressed to 
another person, as indicated by either a pronoun reference, a gaze to another person, or other 
signals of social intent, for example argumentation, physical contact, repetition, 
loudness/intonation, or conversational turn-taking (Winsler, 1998). A total rate of private speech 
was then calculated for each participant by dividing the total number of private speech uttered in 
the whole task of a participant by the time spent in the task (in minutes).  
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The coding scheme of Berk (1986) was used to assign each private utterance into each 
level: private speech at Level 1 (PS1) (self-stimulating, task-irrelevant private speech including 
word play, comments to imaginary others, and other utterances that are unrelated to the 
immediate task; an example from this study: “魔術師。” (‘Magician.’) ); private speech at Level 
2 (PS2) (task-relevant externalized private speech, including statements about the task or the 
participant’s ongoing or future task-related activity; an example from this study: “咦? 依個好似
得喎。” (‘Oh! This seems to work.’) ) and private speech at Level 3 (PS3) (task-relevant 
external manifestations of inner speech, including inaudible muttering and whispering, and silent, 
verbal lip movements).  
Finally, for each participant, the portion of private speech at each level throughout the 
task would be calculated by adding up the number of private speech at each level and dividing 
this by the total number of private speech uttered regardless of the levels. The portion of private 
speech at each level would be used for analysis.  
E1 was in charge of coding all videotapes while a randomly selected 10% of the 
videotapes were coded by E2. The results of the coding of that 10% of videotapes by E1 and E2 
were compared. The results of comparison showed that in categorization of speech into private 
speech and social speech, the consistency of E1’s and E2’s coding was 88.6%. Also, the results 
showed that in categorization of private speech into different levels, the consistency of E1’s and 
E2’s coding was 73.3%.  
RESULTS 
Age trends in private speech    
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Table 1 shows the mean portions of each type of private speech in each of the age group, 
collapsed across the two task conditions (facilitative condition and impedimental condition) and 
regardless of task performance. First, it was of interest to see if there was significant difference 
in total rate of private speech among age groups. Therefore, a one-way ANOVA was carried out. 
The results showed that there was no significant difference in total rate of private speech among 
age groups, F[2,40] = 2.42, p>.05. 
 
 
 
 
 
 
 
Figures in parentheses are S.D. 
Then, as there was found to have no significant difference of total rate of private speech 
among age groups, it was of interest to see if there is significant difference of rate of private 
speech at each level across age groups. This could be answered by testing Hypothesis 1 that 
whether private speech would show an age-related developmental trend consistent with 
previous studies (Kohlberg, Yaeger & Hjertholm, 1968; Berk, 1986). Figure 1 shows the age 
Age Group 
 Three-year-olds   
(N=14) 
Four-year-olds   
(N=13) 
Five-year-olds   
(N=16) 
PS1 0.19(0.36) 0.09(0.14) 0.08 (0.17) 
PS2 0.16(0.33) 0.55(0.42) 0.24(0.39) 
PS3 0.00(0.00) 0.05(0.17) 0.13(0.34) 
Table 1: Mean portions of PS1, PS2 and PS3 in each of the age group 
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trends in private speech found in this study. It is observed that overt task-relevant PS2 showed 
an inverted U-shaped, curvilinear relationship with age. Repeated measures ANOVA was 
carried out with the portions of each type of private speech as the within-subjects variables and 
the age groups as the between-subjects factor. The results showed that there was a significant 
main effect of the portions of private speech, F(2, 80) = 9.046, p<.01 and a significant interaction 
between the portions of each type of private speech and the age groups, F(4, 80) = 3.169, p<.05.  
No significant main effect of age was found. Simple main effect analysis was performed and 
the results showed that there were significant differences between the portions of the types of 
private speech within age groups and across age groups as follow: 
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Within the three-year-olds, there was significant difference between the portion of PS1 
and the portion of PS3, p<.05. Within the four-year-olds, there was significant difference 
between the portion of PS1 and the portion of PS2, p<.01, as well as between the portion of PS2 
and the portion of PS3, p<.01. Within the 5-year-olds, there was no significant difference 
between portions of all types of private speech. 
Comparing across all age groups, it was found that the portions of PS1 among all age 
groups were not significantly different. The portions of PS2 were significantly different between 
the three-year-old and the four-year-old, p<.05, and between the four-year-old and the five-year-
old, p<.05. This proved that occurrence of PS2 peaked at four-year-old. The portions of PS3 
among all age groups were not significantly different. Therefore, Hypothesis 1 was partially 
supported as an inverted-U, curvilinear relationship between age and the overt form of private 
speech (PS2) was found, yet a U-shaped, curvilinear relationship between age and internalized 
private speech (PS3) was not found. 
Private speech and task performance  
Table 2: Mean Solution Mark and Question Mark in each of the age group 
Age Group 
 3-year-olds   (N=14) 4-year-olds   (N=13) 5-year-olds   (N=16) 
Solution Mark 0.64(0.63) 1.31(0.95) 1.56(1.03) 
Question Mark 0.79(0.89) 1.15(0.80) 1.56(0.63) 
Figures in parentheses are S.D. 
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 Before investigating Hypothesis 2, it is worth observing the task performance in each of 
the age group. Table 2 shows the mean of the task performance measures, Solution Mark and 
Question Mark, respectively in all ages, collapsed across the two conditions (facilitative 
condition and impedimental condition). In order to see if there was any significant between-age-
group difference in the task performance measures, two respective One-way ANOVA on 
Solution Mark across age groups and on Question Mark across age groups were carried out. 
Firstly, the results showed that there was significant between-age-group difference in Solution 
Mark,     F[2,40] = 4.13, p<.05. The results of post-hoc comparison using Gabriel’s procedure 
showed that the significant difference was due to that the total Solution Mark of the 5-year-olds 
was significantly greater than that of the 3-year-olds. Secondly, the results showed that there was 
significant between-age-group difference in Question Mark, F[2,40] = 3.77, p<.05. The results of 
post-hoc comparisons using Gabriel’s procedure showed that the significant difference was due 
to the total Question Mark of the 5-year-olds was significantly greater than that of the 3-year-
olds. 
 To test Hypothesis 2 that the incidence of private speech at Level 2 and Level 3 (PS2 and 
PS 3)  would be positively related with task performance, global correlations were computed for 
total portion of PS2 and PS3 and task performance measures (Solution mark and Question mark), 
collapsed across all age groups and task conditions (impedimental condition and facilitative 
condition). The resulting correlations are shown in Table 3. The results showed that the total 
portion of PS2 and PS3 was associated with Solution Mark, p<.01, but not associated with 
Question Mark. To control for differences in the general cognitive and specific linguistic 
competences of the participants, the scores of CRVT were partialled out and the correlations 
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were found. Again, total portion of PS2 and PS3 was associated with Solution Mark, p<.05, but 
not associated with Question Mark.  
To investigate if there was association between Solution Mark and Question Mark, 
bivariate correlation was carried out. The result showed that there was no association between 
Solution Mark and Question Mark. Thus, the findings showed partial support for Hypothesis 2 
that private speech at Level 2 and Level 3 is positively associated with higher sophistication of 
solutions which thus leads to better task performance, yet is not correlative with the performance 
of the participants in answering questions related to the tasks. 
Table 3: Raw and [CRVT-controlled] Correlation between total portion of PS2 and PS3 and task 
performance, collapsing age groups and task conditions 
 Before partialling out the scores 
of CRVT 
 Total portion of PS2 and PS3 
Solution Mark 0.39**  [0.33*] 
Question Mark 0.02  [-0.38] 
* p<.05, two-tailed. 
**p<.01, two-tailed 
DISCUSSION 
Age trend in private speech  
The first aim of this study was to investigate if there was an age trend in private speech 
that was consistent with the findings in previous studies (Kohlberg, Yaeger & Hjertholm, 1968; 
Berk, 1986). In partial support of Hypothesis 1, the results showed that overt task-relevant PS2 
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had an inverted U-shaped, curvilinear relationship with age. Although there was no significant 
difference of portion of PS3 among age groups, it was noticed that no PS3 was observed in the 
three-years-old at all. This provides support that internalization of private speech does not start in 
younger children as three years old. Also, the insignificant difference of the portions of PS3 
between the four-years-old and the five-years-old concurs with the findings of some studies 
(Winsler & Naglieri, 2003; Berk & Garvin, 1984) that the use and internalization of speech 
extends farther than was originally hypothesized by Vygotsky. For example, in Winsler and 
Naglieri’s (2003) study, it was found that the use and internalization of speech extended farther 
into middle childhood. Therefore, it is unquestionable that the portions of PS3 in the five-years-
old were not significantly greater than that in the four-years-old because it was possible that 
children in these two age groups were at the similar course on the direction to internalization of 
private speech. In general, the results of this study support that private speech follows the 
predictable trajectory across age: from overt task-irrelevant private speech, to overt task-relevant 
private speech and finally to external manifestations of inner speech. The total transition of the 
use of inner speech (PS3) from overt task-relevant speech (PS2) is found to be beyond age five 
as there was no significance difference in the rate of PS3 between the four-year-old and the five-
year-old in this study. 
Moreover, the study found that there was no significant difference between the total rates 
of private speech, regardless of the type of private speech, among age groups. This suggested 
that it was only the quality and the form of manifestation, but not the frequency, of private 
speech that differed among age groups in this study. This also concurred with the finding of 
Kohlberg, Yaeger and Hjertholm (1968) that the frequency of private speech peaks at ages 
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around three to five. Therefore, an insignificant difference in the frequency of private speech 
among ages three to five is expected. 
Private speech and task performance  
The second aim of this study was to investigate the relationship between private speech 
and task performance. In support of Hypothesis 2, it was found that there was a significant 
positive correlation between PS2 and PS3 and the degree of sophistication of solutions. This 
result confirmed that PS2 and PS3, which are task-relevant private speech, have a facilitative 
effect for children in a divergent problem-solving task to yield for more sophisticated solutions. 
As the participants in this study were aged between three to five years old, this positive result 
also supported the findings of the research by Winsler and Naglieri (2003) and Winsler, Naglieri 
and Manfra (2006) that private speech was particularly useful for performance among children 
under eight years of age.    
Although the study also found that no significant correlation between PS2 and PS3 and 
the responses to the questions related to the task was found, this is explainable with the following 
reasons. First, the content of PS2 and PS3 produced by the participants and used in this study 
were all related to the process of devising solutions but not related to the responses to the 
questions. According to Berk’s (1986) coding scheme of private speech, the common ground of 
PS2 and PS3 is that they are task-relevant in nature. Therefore, it is of expectation that PS2 and 
PS3 were not helpful in answering the questions because their contents were not relevant to 
answering the questions. Also, unlike the fact that the participants were given a certain period of 
time to devise the solutions and instructed to say whatever they wanted during the thinking 
progress, the participants intended to respond to the questions immediately. Private speech that 
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might have come up to help with the responses to the questions was therefore absent. Finally, it 
was found that there was no correlation between Solution Mark and Question Mark, meaning 
that even PS2 and PS3 was found to have positive correlation with the degree of sophistication of 
solutions, there was no consequential positive effect on the responses to the questions. Therefore, 
with these reasons, the non-significant correlation between PS2 and PS3 and the responses to the 
questions related to the task in this study is justifiable. 
Task difficulty  
As the task design of this study was a preliminary one, the level of task difficulty of this 
task to pre-school children was not known before the study. If the task had been too easy, the 
task performance of all participants would have been similarly high. Also, if the task had been 
too hard that had been out of the zone of proximity of all children, the task performance of all 
participants would have been similarly low. However, an age-relevant trend was observed in the 
task performance across age-groups. It was noticed that the scores in Solution Mark and 
Question Mark increased over ages, suggesting that this task may have posed different levels of 
difficulty to children of different ages. Also, the use of private speech by the participants of 
different age groups trying to gain mastery over the task in this study suggested that the task 
should have been within the child’s ability range according to Fernyhough and Fradley (2005) 
since if the task had been too easy or too difficulty, private speech would have not been used by 
children.  
Summary  
This study was the preliminary one that adopted a divergent problem solving task rather 
than a problem solving task with one solution only.  First, it found an age trend of private speech 
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which was partially consistent with the findings in the previous studies. This study also 
supported that use and internalization of speech extended farther than was originally 
hypothesized by Vygotsky. Moreover, the frequency of private speech was found to be fairly 
similar among children aged three to five. Finally, through a novel experimental design, this 
study found out a positive correlation between PS2 and PS3 and the degree of sophistication of 
solutions. With justifications for the non-significant correlation PS2 and PS3 and the responses 
to the questions related to the task, it suggested that there was thus a positive correlation between 
PS2 and PS3 and the task performance.  
Limitations and future directions  
 As this study is a preliminary one to explore the relationship between private speech and 
task performance in a divergent problem solving task, there are several aspects for improvement 
in the future studies. First, the methodological design of this study aimed to study the 
relationship between private speech and concurrent task performance. However, there have been 
suggestions that such a relationship is not best found by a single correlation because the 
relationship may be too dynamic and complex (Winsler, Diaz & Montero, 1997). The 
relationship between private speech and concurrent task performance may differ at different 
point of the involvement of the task because of the concurrent changing task difficulty when the 
time the children expose to the task increases. Therefore, the researchers suggested adopting 
either a longitudinal study which explores the relationship between private speech at one time 
and performance at a later time, or a microgenetic anaylsis of the moment-to-moment 
relationship between private speech and performance during the construction of competence in a 
single task (Winsler, Diaz & Montero, 1997). However, due to the nature of this task that 
microgenetic analysis would be hard to implement, it is suggested to implement a longitudinal 
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study in the future. By implementing a longitudinal study, it would be also contributory in 
investigating both the relationship between private speech and concurrent task performance and 
the relationship between private speech and future task performance, as there has been a debate 
whether either or both relationships exist (Fernyhough & Fradley ,2005; Frauenglass & Diaz, 
1985).  
Secondly, as mentioned early in the introduction, the relationship between private speech 
and performance is sensitive to task difficulty level at which the child is being required to 
operate (Winsler, Diaz & Montero, 1997). It is, therefore, important to have a task design that 
allows for continuous measure of task difficulty so that the dynamic relationship between private 
speech, task difficulty and task performance can be observed. However, the task design in this 
study did not allow the adjustment of task difficulty. Therefore, it is suggested that for future 
studies, a divergent problem-solving task with task difficulty adjustable should be considered.  
Finally, only one experimenter was responsible for the coding of all videos in this study. 
Since the coding of private speech played an important part to the whole study, it would be 
essential to enhance inter-rater reliability in future studies by inviting more naïve independent 
trained raters to join the coding of private speech. 
Implications  
 This study provides great implications for early childhood educators and parents. First, as 
this study found that task-relevant private speech was positively associated with the degree of 
sophistication of solution in a divergent problem-solving task, parents and early childhood 
educators should appreciate the nature of task-relevant private speech. Instead of suppressing it, 
they should instead actively encourage the children to use private speech in divergent problem-
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solving tasks when their children encounter obstacles in order to help them yield sophisticated 
solutions. They should also understand that private speech is a tool for mastery of the task and it 
would be internalized when the children get mature enough or when the task is not difficult at all. 
Therefore, if they see that the children do not use private speech when they become older or in 
some contexts, they should understand that it is a normal phenomenon.  
 Second, early childhood educators and parents should appreciate private speech as a tool 
to reflect the ability range of the children in particular problem-solving tasks. This can let 
educators understand if the activities in the lessons are challenging enough or over-challenging 
to the children by listening to their private speech and see whether their private speech is task-
relevant. If the speech is task-relevant, it may proves that the task is within the children’s ability 
and it can be sure for the educators that the activities may yield educational fruits to the children. 
This also implies to the educators that they can withdraw their adult assistance in order to keep 
children in their zone of proximal development. Yet, if the private speech produced by the 
children is task-irrelevant, the educators may consider adjusting the difficulty of the activities in 
the lessons as the activities may be over-challenging to the children. 
 Finally, having recognized the importance of task-relevant private speech, parents and 
early childhood educators are encouraged to demonstrate the use of it for children as a model if 
they observe that children do not use it often when they should be doing so according to their age. 
It is suggested that through imitation of such behavior, children may learn to resort to task-
relevant private speech when they encounter problems in daily life to help them solve the 
problems. 
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Appendix A. Apparatus and materials used in the study 
 
 
 
 
 
 
 
 
*Remarks:  
1) The position where the white arrow lies is the starting position for an arrow to move left or 
right  
 2) In the study, at first the little torch on the door of each box faced backward and each larger 
torch was covered by the window. In this picture, the little torch of the orange box and the larger 
torch above it are seen because of the purpose of introduction here. 
 
Picture 1: Apparatus  Picture 2: Materials used 
